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It is not uncommon to see amphotericin B treatment failure in patients with systemic infection caused by
Candida lusitaniae. We report a patient with stage IV ovarian carcinoma and C. lusitaniae sepsis whose
treatment with amphotericin B failed. The initial blood isolate was susceptible to amphotericin B in vitro;
however, the MIC for a blood isolate recovered 7 weeks after treatment began showed a fourfold increase.
Direct subculture of two positive blood samples obtained within a week of the patient’s death showed the
coexistence of two distinct colony color variants on CHROMagar Candida (CAC). One variant was susceptible
to amphotericin B, and one was resistant. These results emphasize the importance of repeat amphotericin B
susceptibility testing for patients with persistent C. lusitaniae infection. The presence of colony variants on CAC
may signal the emergence of amphotericin B resistance in C. lusitaniae and should be investigated.

Candida lusitaniae is considered an opportunistic pathogen,
causing infection primarily in immunocompromised patients
(1–5, 17). Recent studies have shown that the incidence of
serious infection caused by C. lusitaniae is increasing. Clinical
management of systemic infection by this organism is challeng-
ing because of innate amphotericin B resistance in some iso-
lates (3, 10, 16). Moreover, some isolates of C. lusitaniae may
develop amphotericin B resistance in vivo, a finding which is
supported by in vitro studies (14). Recently, Yoon et al. re-
ported high-frequency, reversible, in vitro switching of isolates
from being amphotericin B susceptible to amphotericin B re-
sistant after exposure to the drug (18). Here we report a case
of fatal systemic infection caused by C. lusitaniae with ampho-
tericin B treatment failure. Blood cultures obtained during
therapy yielded colonies with distinct differences in color on
CHROMagar Candida (CAC) between amphotericin B-sus-
ceptible and amphotericin B-resistant strains.

CASE REPORT

A 69-year-old woman with stage IV metastatic ovarian car-
cinoma had fever for 5 days, respiratory distress, and metabolic
acidosis despite metronidazole and imipenem therapy for 2
weeks. The culture of a central venous pressure catheter tip
and three Isolator (Wampole Laboratories, Cranbury, N.J.)
blood cultures drawn 2 days later were positive for C. lus-
itaniae. The catheter line was removed, and empiric treatment
with fluconazole was started on day 1 (Table 1). The treatment
was switched to amphotericin B at 35 mg (0.7 mg/kg of body
weight) four times a day on day 6 and then to lipid complex
amphotericin B (Abelcet) at 350 mg (7 mg/kg) four times a day

on day 10 because of persistent fungemia, which was confirmed
by another positive blood culture. The patient’s symptoms im-
proved, and after approximately 5 weeks of hospitalization, she
was discharged on continuing treatment with lipid complex
amphotericin B. Seven days after discharge, she experienced
shortness of breath and was readmitted. She denied having
fever, chills, or nausea. A pleural effusion prompted a left
pleurocentesis, which produced 1,300 ml of fluid. The admis-
sion blood culture and later blood cultures were positive for C.
lusitaniae despite continued amphotericin therapy. The pa-
tient’s condition deteriorated with the development of hypo-
tension and profound sepsis of an apparently fungal etiology.
She expired 1 week after readmission and 8 weeks after the
initiation of amphotericin therapy.

MATERIALS AND METHODS

Isolates. C. lusitaniae was identified by pigment production on CAC (Hardy
Diagnostics, Santa Maria, Calif.), a negative germ tube test, morphological
characteristics on cornmeal agar with polysorbate 80, and the API 20C AUX test
(bioMerieux/Vitek, St. Louis, Mo.).

In-house antifungal susceptibility tests. The isolates were retrieved from a
�70°C freezer, and two samples were serially subcultured to Sabouraud dextrose
agar (Emmons modification) before testing.

(i) Etest. Etests (AB Biodisk, Skolne, Sweden) were performed and the results
were interpreted according to Etest technical guide 4. Isolates from a 24-h-old
culture on Sabouraud dextrose agar (Emmons modification) were suspended in
saline to achieve a 0.5 McFarland turbidity. Four hundred microliters of the
inoculum was dispensed to the center of a 150-mm-diameter plate containing
RPMI 1640, 2% glucose, MOPS (morpholinepropanesulfonic acid), and 1.5%
Bacto Agar. The inoculum was swabbed in three directions over the entire agar
surface and then allowed to dry for 15 min before Etest strips were applied. The
plates were incubated at 35°C in a moist incubator for 24 h. The amphotericin
MIC was read from the scale as the lowest drug concentration at which there was
100% inhibition of the organism. Fluconazole and itraconazole MICs were read
as the lowest drug concentrations at which there was 80% inhibition of the
organism.

(ii) Sensititre YeastOne. Sensititre YeastOne tests (Trek Diagnostics, West-
lake, Ohio) were performed and the results were interpreted according to the
manufacturer’s guidelines. Isolates from a 24-h-old culture on Sabouraud dex-
trose agar (Emmons modification) were suspended in autoclaved, demineralized
water to achieve a 0.5 McFarland turbidity. A working suspension was made by
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adding 20 �l of the suspension to 11 ml of inoculum broth. Then, 100 �l of
inoculum was added to each well of the Sensititre panel. The panels were
incubated for 24 h at 35°C in a non-CO2 incubator. The MIC was read as the
lowest drug concentration that prevented a color change of the medium from
blue or purple to red.

Molecular typing. The two color variants of C. lusitaniae isolated from our
patient and a blood culture isolate of C. lusitaniae recovered from another
Stanford University Medical Center patient (control) were compared by use of
SfiI and NotI restriction endonuclease digestion of genomic DNA, followed by
pulsed-field gel electrophoresis (PFGE) and karyotyping of whole-genomic
DNA by PFGE. The lysis enzyme used was lyticase (Sigma, St. Louis, Mo.).
Digest PFGE was performed at 6 V/cm, with a voltage ramp of 10 to 90 s for 24 h
in 1% SeaKem agarose. Karyotype PFGE used Fastlane agarose and was per-
formed at 4.5 V/cm, with a ramp of 120 to 280 s for 48 h.

RESULTS

Microbiology culture results. Table 1 summarizes the results
of fungal cultures performed during all episodes of C. lus-
itaniae infection in the patient. Isolation of C. lusitaniae from
the catheter tip 2 days prior to the first positive blood culture
suggested the catheter tip as the source of candidemia (Table
1). A urine culture, collected 17 days after the first positive
blood culture, also grew C. lusitaniae. After 8 weeks of contin-
ued amphotericin B treatment, the organism was recovered
from multiple blood cultures and a urine culture obtained 1
day prior to the patient’s death on day 62.

In vitro antifungal susceptibility results. Subcultures of C.
lusitaniae isolated from two blood cultures were sent for anti-
fungal susceptibility testing to a reference laboratory which
uses the NCCLS M-27A macrobroth method. The first subcul-
ture represented the growth from blood obtained before am-
photericin B treatment was initiated. The second subculture
was from blood cultures obtained over 7 weeks later. An un-
usual colony color on CAC was not noted for colonies from
either of the two blood cultures. Although both cultures were
interpreted by the reference laboratory as being susceptible to
amphotericin B, fluconazole, and itraconazole, the amphoter-
icin B MIC for the second isolate was 1.0 �g/ml (Table 2)
whereas an MIC of 0.25 �g/ml was recorded for the initial

isolate. The fluconazole and itraconazole MICs were the same
for both isolates.

Identification of an emerging amphotericin B-resistant
strain. Two distinct colors were seen on the CAC subculture
from the blood culture (BACTEC; BD Microbiology Systems,
Sparks, Md.) drawn 7 weeks after amphotericin B treatment
was started. One colony type was described as blue, and the
other was described as purple. Both were subsequently iden-
tified as C. lusitaniae. The expected color range of C. lusitaniae
on CAC is pink to grayish purple (13). No differences in the
colors, textures, or sizes, of the colonies on Sabouraud agar
were noted. The clinical significance of mixed colony morphol-
ogies on CAC was not appreciated at the time that subcultures
were sent to the reference laboratory for MIC testing. Both
colony types were included by chance in a retrospective sus-
ceptibility study performed months later in our laboratory. To
our surprise, the blue colonies were susceptible to amphoter-
icin B while the purple colonies were resistant (Table 3). Based
on the interpretive guidelines in NCCLS document M-27A
(12), both colony types were deemed susceptible to fluconazole

TABLE 1. Summary of fungal culture results

Day of culture Sample source Presence of C. lusitaniae

18 days prior to first positive culture Blood No
11 days prior to first positive culture Blood No
Day 1 (empiric fluconazole treatment started) Central venous pressure catheter tip Yes
Day 3 Blooda Yes
Day 6 (amphotericin B treatment started) Blood Yes
Day 10 (lipid complex amphotericin B started) Blood Yes
Day 13 Urine No
Day 15 Blood Yes
Day 20 Urine Yes (10,000 CFU/ml)
Day 36 Urine No
Day 55 Bloodb Yes (two colony types)
Day 56 Pleural fluid No
Day 57 PICCc catheter tip No
Day 59 Blood Yes
Day 61 Blood Yes (two colony types)
Day 61 Endotracheal aspirate No
Day 61 Urine Yes (80,000 CFU/ml)
Day 62 (patient expired)

a First isolate subculture sent to reference laboratory.
b Second isolate subculture sent to reference laboratory.
c PICC, peripherally inserted central catheter.

TABLE 2. Comparison of antifungal susceptibilities of blood
isolates of C. lusitaniae prior to and during

amphotericin B treatmenta

Drug

Prior to amphotericin B
treatment

During amphotericin B
treatment

MIC
(�g/ml) Interpretation MIC

(�g/ml) Interpretation

Amphotericin B 0.25 Sb 1.0 S
Fluconazole 1.0 S 1.0 S
Itraconazole �0.5 S �0.5 S

a These results were reported by a reference laboratory using the NCCLS
macrodilution reference standard methodology, which was different from the
in-house testing procedure used for the comparison represented in Table 3. The
inoculum used by the reference laboratory originated from a random selection of
colonies without regard to colony color on CAC.

b S, susceptible.
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and itraconazole (Table 3). We then attempted to further
characterize the two color-variant strains.

Molecular typing. The PFGE patterns of both the SfiI and
the NotI restriction digests of the two color variants (Fig. 1,
lanes 2 and 6 and lanes 3 and 7) were indistinguishable from
each other but were different from that of the control. The
single band variation between the karyotypes of the case iso-
lates (data not shown) was insufficient to make us consider the
isolates different.

DISCUSSION

C. lusitaniae is considered an opportunistic organism whose
association with invasive infection has increased in recent years
(1, 2, 3, 5, 16). Unlike Candida albicans, which is rarely resis-
tant to amphotericin B, C. lusitaniae has consistently been
associated with the failure of amphotericin B treatment in
patients with invasive disease (3, 10, 14, 15). Resistance may be
innate or may develop during treatment.

Here we report the first clinical case of C. lusitaniae devel-
oping amphotericin B resistance during amphotericin B treat-
ment and exhibiting an accompanying difference in colony
color on CAC between susceptible and resistant strains. The
antifungal susceptibility tests performed according to the
NCCLS M-27A macrobroth method by a reference laboratory
showed a fourfold increase of the amphotericin B MIC for the
isolate recovered after 7 weeks of amphotericin B treatment
compared to that for an isolate recovered prior to amphoter-
icin B treatment. The MIC of 1.0 �g/ml reported for the isolate
recovered after 7 weeks of treatment may reflect the testing of
a mixture of susceptible and resistant clones. Our laboratory
probably picked a random sample of colonies from Sabouraud
agar, on which morphotype differences were not seen. The
reference laboratory did not interpret either strain as being
resistant to amphotericin B, and the patient was continued on
amphotericin B therapy despite the rise in the amphotericin B
MIC for the second isolate.

The discernible difference in colony color on CAC between
the susceptible and resistant strains of C. lusitaniae isolated
from the blood culture on day 55 (Table 1) was not seen with
colonies on standard fungal agars. Previously published molec-
ular epidemiology studies suggest that repeat isolates of C.
lusitaniae from the same individual are generally from the
same strain (6–9, 11, 15). The PFGE restriction digest patterns

of the two case variants reported here were indeed indistin-
guishable by PFGE.

In their in vitro studies, Yoon et al. found a change in the
cellular morphology of C. lusitaniae when it switched from
being amphotericin B sensitive to amphotericin B resistant in
the presence of the drug (18). It is possible that cellular
changes associated with drug resistance are visualized on CAC
as differences in colony color. A significant challenge is to
identify the amphotericin B-resistant strains of C. lusitaniae
when patients are infected concurrently with resistant and sen-
sitive strains. For this reason, we have reported a potential
visual clue. Only laboratory awareness and further experience
will show whether this is a reliable indicator of amphotericin B
resistance in C. lusitaniae or a unique occurrence. Meanwhile,
we emphasize the importance of repeat testing of amphotericin
B resistance in patients with persistent infection.
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